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Environmental Gradients and Forest Composition

The first part was environmental gradients, wasn't it? It was just on a different scale. National scale. Moisture deficits on a national scale. Water balance, Well, it's not going to be too much difference. Eh, we'll get this out of the way. "Perhaps the single most important decision a forester can make is to manage for the right species on the right site." You all as managers determine what the right species is. The site is pretty much what you're going to be stuck with, as we're going to see. So what do trees really need? Well, as we learned from Botany 101 and biology in school, that there's something called CHOPKNCaFeMg, plus a few other things right here, water, for photosynthesis, but sunlight is the energy source. So where do these ingredients come from? Well obviously, they're going to come form the site. And as we just talked about in the previous session, this is the difference in species that we have in different environments. As it turns out, it works here also. This is a landscape view that's showing the distribution of vegetation. In a random matter? No, not quite. There are also moisture deficits here. Look at right along the top of this line right here. This is a scene from the Blue Ridge Parkway. David took this year and years ago. I don't know, back in, what, 1980 or something like that, wasn't it, David? We've been using it ever since. But distribution vegetation makes sense once you think about the water balance. Up along the top along this ridge, probably conifers. Down here in the early springs shot down in this cove, the concave area, yellow poplars. And in between, and we can make some assumption that this is a mesic environment with mesophytic species down here at the bottom in between the wet areas and the dry areas along the ridge top everything else kind of separates itself out in the big moisture gradient. There's also some other things going on, too. Fertility gradients, and also temperature gradients, but primarily, it's moisture. And if you think about it, on this landscape right here up along the ridge tops, there may be more precipitation, but where does it all finally end up? It ends up down hill, down into here. And so, even though the area has a generally uniform moisture distribution, it separates itself out according to the landform. So we want to make some sense out of what we're looking at in this scene right here, in between the dry ridge tops, the mesic bottoms. Primarily, what's in between is mainly oaks. Do y'all remember white oaks, scarlet oak, black oak, chestnut oak, that's it. And we ran through all those again, you already know that. So the distribution-the primary thing-one of the earliest observations when the early European settlers who were coming in, was the distribution, people long observed that the distribution in sudden Appalachian Mountains is in relation of mainly elevation and moisture classes. It's nothing new. We're just trying to make some sense out of it. Whittaker, we're drawing a lot of his stuff. In the 1950's, he was the first to quantify this relationship. So I don't think anyone's done a better job since then. And down here at the bottom, I think this is pretty important. Let me read this. Gleason stated that "every species of plant is a law unto itself, the distribution of which in space depends upon its individual peculiarities of migration and environmental requirements." So each species is in individual in itself. 

And they kind of grouped themselves together according to their moisture, fertility, and temperature requirements. So back again, what kind of sense can we make out of a scene such as this so that we can group a species together for some kind of management purposes? First of all, how do plants regulate their water use? It's primarily by these little things called stomata. That's kind of the technical, the basis of it, and here is a little picture of it here. As water comes out, CO2 goes in, and in between with sunlight hitting this top surface up here, then it's the plant's survival, growth, reproduction. Now if we're looking at-so that's the moisture thing-also, if we can look at nutrient regimes, we can go from the very impoverished, a oligotrophic all the way to the eutrophic. I think this is possibly yellowwood over here, this is kind of hard to see. But in between, we're really looking at something called a mesotrophic environment. So in addition to water, there's also nutrients. Fortunately, most of theses sites have most of the nutrients, they're in no great abundance, but the nutrients that plants needs, we're going to make some sense in how you're going to array the species in relation to the nutrient needs. If we can array-look at a 3-D matrix of temperature, moisture and fertility gradients, if we can arrange our plants or the vegetations, trees in relation to these gradients, you'll have a logical meaningful manner. 

So if we can group them in a 2-dimensional matrix, such as temperature this way, we'll say a high temperature, medium, and low temperature, whatever you want to call that. Across the bottom, if we have a moisture gradient. Then we can fill in some words that make some sense. We can say that this particular block is a cold, xeric environment. Down here it's a warm, xeric. So everything is xeric in the column, obviously. Then as you go across this block over here would be cold, mesic. We need to put some species in there. Well let's do one other thing first. Let's talk about how the temperature. So here, we have a low temperature, medium, and high, but it's related to elevation. Above 4500 feet would be a low temperature environment. So we can range this according to elevation in relation to temperature. So then we start filling in the species that from our observations, expert knowledge tells us where they occur, and so here, northern red oak is one that would be at a low temperature, and in this case, probably a low moisture. If we look down, this maybe more apparent, Virginia pine. It's a high temperature, down in low elevations, just reverse, and a low moisture. So all of these species can be arranged into a matrix kind of a format. And here's our friend right here, we're going to be talking quite a bit about yellow popular. It would be in a somewhat high moisture regime and a moderate, intermediate kind of temperature regime. So that's poplar and some other associates. If we look at the nutrient availability, mainly much of our soils here are quite acidic and as we remember, site fertility is largely a function of soil pH, so most of our soils are 5 and 5.5. We still have nutrient availability, but not enough to really provide a very fertile environment, accept in some situations where we would have something called amphibolite rocks. We would have slightly higher temperature, but generally, we don't have to worry about that, because there's not enough of them. We could also then break down the geology of the southern Appalachian environments and the fertility environments. And we can have, amphibolite is high nutrients. So the geology can figure into this. And then if we look at the species that have different nutrient requirements, and we'll touch on one of these a little bit later on the fieldtrip. But as said, the yellow wood out here as a high nutrient requirement, also high in moisture. So what I'm trying to get across is how do we group the species together so that we can make some management inferences from them? And if we can come up with a 3D matrix of fertility, moisture, and elevation-this actually should be temperature over here-then we can put these building blocks together and in each one of these blocks, we can put in a group of species which does quite well in that particular environment. Now we'll talk about equivalent sites. This is where it gets a little bit kind of complex. For example, an upper northeast slope would be perhaps the equivalent of a lower southwest slope. Now think about this one: a lower northeast slope is an upper southwest cove. So in other words, you've got a concave surface on the upper part of one slope, and you have southwest. That's the difference between these two. A lower northwest slope-and that was just a linear surface. So the surface shape is what has changed the moisture environment. Here again is really nothing new, I'm just trying to get you to think about what you already know and to somehow put it into a logical format that you can talk to the people that you deal with, whether it be your boss or whether it be tax payers. Now we can arrange these different species that we were just talking about in this 2 dimensional approach. This is what Whittaker did back in the fifties. This happens to be moisture regime here. Just for example, I'm just putting it in practice here, showing you what someone else has done. Let's look at-I mentioned, I think Virginia pine or pitch pine. This is a very xeric environment on this side. Perhaps I should explain this. And on the bottom, the moisture goes from mesic on the left all the way over the drier and drier until we get a xeric environment. Pitch pine and Virginia pine occur mainly on the xeric part of the moisture gradient that we all know. But they reach their greatest frequency on those sites over on the xeric side. Now silverbell on the left-hand side over here, silverbell is in the very mesic-mesophytic species-part of the moisture gradient. And so in between silverbell and Virginia pine, we have a lot of other species. For example, look at chestnut oak right here, how it reaches a peak right in about the middle of the moisture gradient here. In between mesic and xeric. It might be something called sub-xeric. So all these species can be arranged in a long moisture gradient. Now one interesting thing-how about red maple? Notice the gradient. It goes-you can separate the lines-it goes all the way from the most mesic, it comes up, it peaks, and then it goes back down all the way over to the most xeric. So what does red maple tell us about the moisture regime of the site? If we see red maple there, what does it really tells us? It just tells us it's there. It doesn't say much about the moisture regime. So if maple doesn't really tell much, then let's not use maple. Let's not put maple in one of those boxes-in one of the two dimensional---either on the moisture gradient---doesn't tell us anything-or the fertility gradient. Red maple is just one of those species that just doesn't tell us a whole lot about the environmental gradient where it's occurring. Other species do. Here's yellow poplar right here. Right down in here. Yellow poplar happens to be on the mesic side of the moisture gradient, and it doesn't really extend too far out. You can find it just barely represented as you're getting into more xeric environments, but not very far out. So each one, sourwood, look at sourwood right over here. Mainly over here on the xeric side, sourwood kind of peaks at what we would call sub-xeric, less xeric environment and it tapers out. And until it's almost not-very seldom present on the more mesic or sub-mesic environments. So in summary, that's a way we can use what we know about vegetation to infer about a moisture gradient. And as we learn back in the Central Hardwood Forest section that I introduced here, moisture either the presence or absence of moisture is one of the big determining factors about that species composition. Well, it really works on the same landscape level, too. Moisture availability during the growing season is the primary factor affecting distribution of species. Most of us that are making presentations about moisture regimes in terms of mesic, sub-mesic, sub-xeric, and xeric. Just like what Whittaker did 50 years ago. Instead of saying "good" or "bad" or "poor", it's going to be xeric, sub-xeric.... But now, the next thing is, then how are we going to classify sites by moisture regimes into levels of productivity? Productivity is really what we're looking for when we're trying to manage resources. 
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